Growth-phase-dependent response to DNA damage in poly(ADP-ribose) polymerase deficient cell lines: basis for a new hypothesis describing the role of poly(ADP-ribose) polymerase in DNA replication and repair.
We have studied the role of poly(ADP-ribose) polymerase in the repair of DNA damage induced by x-ray and N-methyl-N'-nitro-N-nitrosoguanidine (MNNG) by using V79 chinese hamster cells, and two derivative mutant cell lines, ADPRT54 and ADPRT351, that are deficient in poly(ADP-ribose) polymerase activity. Under exponentially growing conditions these mutant cell lines are hypersensitive to x-irradiation and MNNG compared to their parental V79 cells which could be interpreted to suggest that poly(ADP-ribose) polymerase is involved in the repair of DNA damage. However, the level of DNA strand breaks induced by x-irradiation and MNNG and their rates of repair are similar in all the cell lines, thus suggesting that it may not be the difference in strand break formation or in its rate of repair that is contributing to the enhanced cell killing in exponentially growing poly(ADP-ribose) polymerase deficient cell lines. In contrast, under growth-arrested conditions, all three cell lines become similarly sensitive to both x-irradiation and MNNG, thus suggesting that poly(ADP-ribose) polymerase may not be involved in the repair of DNA damage in growth-arrested cells. These paradoxical results could be interpreted to suggest that poly(ADP-ribose) polymerase is involved in DNA repair in a cell-cycle-dependent fashion, however, it is functionally active throughout the cell cycle. To resolve this dilemma and explain these results and those obtained by many others, we propose that the normal function of poly(ADP-ribose) polymerase is to prevent DNA recombination processes and facilitate DNA ligation.